








































































































































































































































• LEAN	 MANUFACTURING	 –	 Systematic	 method	 for	 the	 elimination	 of	 waste	 within	
a	manufacturing	system.		
	
• VALUE	STREAM	MAP	 –	A	lean-management	method	 for	 analyzing	 the	 current	 state	of	
the	process.		 	
	

















The	 idea	 for	 this	 project	 arises	 with	 a	 stay	 of	 almost	 half-year	 in	 one	 of	 the	 plants	
producing	automobile	parts	that	has	the	multinational	Cikautxo	Scoop	around	the	world.	In	
this	stay	was	observed	how	the	company	works,	how	the	material	flow	is	and	how	it	could	
be	 improved.	Analyzing	problems,	 studying	different	alternatives	and	 finding	 solutions	has	
been	 the	 aim	 objective	 of	 this	 project	 in	 order	 to	 increase	 the	 benefits	 of	 the	 company.	
These	will	make	the	plant	profitable	without	investing	large	amounts	of	money.	
The	objectives	of	this	project	are	focused	on	the	explanation	of	different	techniques	that	








The	 project	 focuses	 on	 the	 study	 and	 improvement	 in	 the	 manufacturing	 process	 of	
Cikautxo	Company	in	Slovak.		
Main	objectives	of	this	project;	























































The	mother	 company	 is	 located	 in	Berriatua,	 Spain.	 It	 established	 in	1971	with	 the	
specialization	for	development	and	production	pieces	of	rubber.	Over	40	years’	experience	
in	 a	 sector	 where	 technological	 innovation	 is	 the	 foundation	 of	 growth	 and	 future	
development	of	the	company.	It	 is	a	young	and	dynamic	team	with	international	presence,	
providing	customer	service	worldwide.		
Cikautxo	 believes	 that	 people	 are	 the	most	 important	 factor	 in	 the	 future	 of	 their	
business.	Committed	employees	working	well	 in	 a	 team	are	 the	 key	 to	 sustainable	 results	
and	the	basis	of	their	management	model.		














Making	 it	 easy	 creating	 a	 flow	 information	 and	acting	 consequently	 the	politics	






environmental	 responsibility	 leading	 projects	 in	 this	 field	 and	 performing	








Cikautxo’s	 employees	 are	 a	 deciding	 factor	 in	 its	 future	 due	 to	 their	 creativity,	
initiative,	 commitment	 and	 responsibility.	 The	 ultimate	 purpose	 of	 people	











work	 with	 are;	 automotive,	 household	 appliances,	 elastomeric	 materials	 and	 medical	
components.		
	
• For	 household	 appliances	 has	 products	 that	 offers	 solutions	 for	 the	 following	











• For	 elastomeric	 materials	 which	 the	 material’s	 business	 is	 divided	 into	 two	
















• For	 medical	 components,	 Cikautxo	 is	 a	 leading	 European	 manufacturer	 of	
medical	devices	made	 from	thermoplastic	and	silicone	materials.	They	use	 their	
knowledge	of	materials	(injection	and	extrusion	manufacturing	expertise	with	the	
final	 assembly	 skills)	 to	 develop	 and	produce	 complete	 and	 innovative	 polymer	

























	 This	 group	 has	 important	 customers	 around	 the	 world	 demanding	 vehicle	
manufacture	pieces,	household	appliances	products	and	medical	parts.	Cikautxo’s	 size	and	
flexibility	helps	to	establish	direct	relationships	with	their	clients.		
	 Cikautxo	operates	 in	 Spain,	 Czech	Republic,	 Slovakia,	 Romania,	USA,	Mexico,	 China	














Regarding	 the	 situation	 of	 this	multinational	worldwide	 should	 be	 noted	 that	 each	
year	 increases	 its	 presence	 inside	 Europe,	 suggesting	 it	 is	 carrying	 out	 an	 important	
offshoring	policy,	with	the	aim	of	reducing	costs.		
It	 has	 been	 opened	 a	 new	 Cikautxo	 plant	 in	 Rumania	 last	 year,	 increasing	 the	
companies	situated	 in	Eastern	Europe.	This	 increase	has	become	more	noticeable	even	for	
the	automotive	companies.		
It	 is	 currently	 common	 to	 see	 the	 increase	 of	 automotive	 companies	 which	 have	














as	 it	has	been	mentioned	before	 it	could	be	say	 that	 it	 is	a	young	and	dynamic	 team	with	
international	presence,	which	provides	customer	services	worldwide.		
This	 company	 is	 located	 in	Nové	 Zamky,	 around	 60	 km	of	 distance	 from	Bratislava	













Right	 now	Cikautxo	 counts	with	 934	 employees	who	 are	 distributed	 in	 three	 shifts	
per	day,	from	extrusion	and	autoclaves	to	quality	area	and	warehouse.	Almost	all	the	work	
done	 in	 the	 company	 is	manual	 and	 it	 is	 not	 needed	 any	 specialist	 employee	 to	 use	 the	
machines.			


















2. 	“Extrusion”;	 It	 has	 more	 workers	 than	 the	 first	 and	 the	 largest	 area	 of	 the	
company.	The	final	work	has	been	done	in	the	area.		
Around	 600	 different	 references	 which	 mean	 600	 different	 products	 that	 they	


















machines;	 6	 extrusion	 lines,	 9	 autoclaves,	 5	 injectors	 for	 over-molding	 and	 5	
vulcanization	 machines	 for	 the	 plastic	 injection	 lines.	 It	 has	 two	 different	 process	
organized	in	a	distinct	way.		
1. Injection	à	 It	 is	 not	 a	 big	 area	 of	 the	 company,	 it	 doesn’t	 have	 too	many	
employees	 but	 they	 really	 have	 what	 they	 need	 in	 order	 to	 supply	 all	 the	
orders	that	they	have.	











The	 Cikautxo’s	 organizational	 structure	 counts	 with	 a	 “functional	







It	 is	 shown	 in	 the	 picture	 below	 how	 the	 organizational	 structure	 is	 at	 Cikautxo.								
	 It	has	different	departments	with	a	vertical	hierarchical	structure	as	it	can	be	shown	
in	 the	 image.	 They	 separate	 departments	 depending	 on	 the	 principal	 functions	 of	 the	
company	 as:	 finances,	 human	 resources,	 purchase,	 extrusion,	 environment,	 storage	 and	
injection.	 It	 is	 logical	 that	 there	 are	more	 internal	 departments	 in	 extrusion	 and	 injection	
areas	because	this	fabrication	process	needs	too	many	people.	
	 As	 it	 is	 represented	 in	the	diagram,	they	need	the	double	percentage	of	workers	 in	
extrusion	than	in	injection.	But	the	principal	problem	of	this	organization	is	not	the	quantity	
of	workers	that	they	have,	it	is	about	the	relation	and	the	team	work	that	they	should	do	to	
solve	 their	 problems.	 They	 all	 have	 a	 desk	 in	 the	 office	 without	 windows	 or	 doors,	 but	












any	customer’s	orders.	 In	 the	picture	below	 it	 is	possible	 to	see	how	the	growth	has	been	






control	with	 some	of	 curso	warehouse	 there	 in	 order	 to	 improve	 and	 trying	 to	
organize	a	little	bit	more	the	company.		
• Nano	 hall	 part	à	 it	 was	 essential	 to	 annex	 because	 Nissan	 made	 a	 really	 big	













2015,	which	 produce	 several	 employment	 at	 the	 finishing	 area.	 In	 the	 picture	 below	 it	 is	
shown	how	the	factory	had	to	take	more	employees	in	some	specific	moments.		
	
It	 is	easy	 to	 identify	with	 the	graphic	 that	 they	have	been	working	with	at	 least	70	
employees	and	 in	 some	months	 they	had	 to	hire	more	 temporary	and	contractual	 staff.	 It	
could	be	said	that	it	if	the	company	needs	more	workers	is	because	it	is	growing	and	that	is	a	

















First	 of	 all,	 before	 talking	 about	 this	 type	 of	 production	 we	 should	 talk	 about	 the	
person	who	made	this	possible.	He	was	Taiichi	Ohno,	a	Japanese	industrial	engineer	who	is	
considered	 to	 be	 the	 father	 of	 the	 Toyota	 Production	 System	 which	 became	 Lean	
Manufacturing	in	the	U.S.		
This	type	of	production	started	with	a	small	domestic	market	that	demanded	a	wide	






But	 not	 only	 this	 took	 this	 country	 to	 change	 their	 production	 style,	 Nissan	 and	
Toyota	wanted	to	be	the	ones	who	offered	variety	of	models.	
These	companies	wanted	to	see	the	company	as	a	community	lifetime	employment.	
They	offered	 the	 employees	 a	 gradual	 salary	 based	more	on	 experience	 than	 in	 functions	
and	 linked	 to	 specific	benefits.	 They	also	offered	access	 to	housing,	 entertainment	places,	
etc.		
They	 employees	 had	
more	 with	 this	 type	 of	
production	 than	 the	 other	
workers	 for	 western	
countries	 based	 in	 mass	
production.	 People	
remained	 in	 their	 company	
throughout	 their	 working	
life.	 They	 contributed	 with	











In	 this	global	 system	there	was	a	 lot	of	waste	 (call	muda)	encompassing	 the	 lost	 in	




western	 plants,	 these	 workers	 were	 considered	 necessary	 only	 if	 there	 were	 not	 any	
machine	doing	their	work.		
To	 change	 this	 entire	 situation,	 they	 decided	 to	 create	 teams	 with	 a	 leader	 who	





Ohno	 implanted	techniques	 leading	to	the	principal	causes	(find	the	 last	one).	With	
his	method	 “Five	whys”	 started	 constant	 stops	 on	 the	 assembly	 line	 until	 they	 found	 the	
failure.	






A	 “Lean	 Production”	 system	 is	 one	 that	 can	 offer	 products	 and	 better	 services	 in	


































Because	 of	 the	 need	 to	 respond	 more	 demanding	 customers	 orders	 and	 more	
aggressive	 rivals,	 implies	 reducing	 costs,	 delivery	 times,	 increasing	 reliability,	 improving	
flexibility,	having	an	excellent	quality	product	and	service…	











Productive	 companies	 and	 service	 see	 this	
philosophy	as	an	agile	system	production	that	brings	
them	 the	 opportunity	 to	 improve	 their	 operations.	
“Agile”	 means	 improvement;	 decreasing	 money,	















and	 gives	 the	 information	 of	 the	 product	 when	 it	 passes	 through	 the	 value	 chain.	 It	 is	 a	
graphic	document	indicating	the	activities	of	a	process,	identifying	those	that	add	value	and	
those	that	do	not.		
As	 the	name	suggests	 is	proposed	to	design	this	 intuited	 flow	 in	a	simple	and	clear	
outline	 that	 focuses	 on	 critical	 data	 such	 as	 production	 time,	 accumulation	 points	 and	
activities	 that	 do	 not	 add	
value.	
Next	 to	 the	 product	
flow	 and	 type	 of	 material,	 a	
parallel	 flow	of	 information	 is	
disclosed.	 Each	 step	 requires	
a	 real	 transfer	 of	 information	




A	 team	work	 in	which	 the	 functional	 structure	 is	not	hierarchical	and	every	worker	
regardless	of	rank	can	contribute	ideas	and	objections.	
The	 study’s	 conclusions	 indicate	 that	 the	 VSM	 is	 shown	 as	 a	 useful	 and	 applicable	
technical,	to	face	different	logistic	problems	in	the	plant,	to	redesign	the	production	systems	




• Number	 of	 operators:	 How	 many	 people	 are	 working	 with	 the	 machine	 or	 the	
function	that	puts	in	the	box.	[Person]	


















• Lot	 size:	 It	 is	 the	 amount	 of	 land,	 which	 is	 being	 conveyed	 from	 the	 seller	 to	 the	
buyer.		
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• Performance	 à 	 It	 takes	 into	 account	 anything	 that	 causes	 the	 manufacturing	
process	 to	 run	 at	 less	 than	 the	 maximum	 possible	 speed	 when	 it	 is	 running.	
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• Quality	 à It	 takes	 into	 account	 manufactured	 parts	 that	 do	 not	 meet	 quality	
standards,	including	parts	that	need	rework.	This	OEE	Quality	it	is	similar	to	First	Pass	
Yield,	 in	 that	 it	 defines	 Good	 Parts	 as	 parts	 that	 successfully	 pass	 through	 the	
manufacturing	process	the	first	time	without	needing	any	rework.		












This	 tool	 is	 a	 very	 powerful	 tool	 combined	 with	 5S,	 expediting	 the	 maximum	
efficiency	of	the	job.	Before	starting	the	mapping,	it	must	be	the	representation	of	the	job	it	
will	 be	 analyzed,	 it	 is	 important	 to	 maintain	 a	 real	 size	 scale	 to	 have	 known	 exactly	 the	
distances	he	will	move.		
After	 this,	 it	will	be	necessary	 to	choose	an	operator	and	see	how	 it	 is	moving	and	
tracing	the	steps	on	the	map	that	it	is	built.		It	is	not	necessary	to	monitor	him	until	the	shift	
is	finished,	it	can	be	chosen	just	some	hours.		
With	 the	 spaghetti	 diagram	 it	 is	 shown	 also	 how	 there	 are	 a	 number	 of	 lines	 that	
indicates	 the	 positions	 that	 the	 operator	 crosses.	 It	 is	 very	 important	 here	 to	 set	 the	
direction	and	order	the	sequence	of	its	steps.		
Sometimes	 it	 is	 helped	 of	 elements	 in	 the	 map	 highlighting	 the	 points	 of	 more	
assiduously	 or	 where	 there	may	 be	 conflict	 between	workers	 and	 places	 (where	 space	 is	
limited)	and	not	easily	accessed.		
Making	 an	 exhaustive	 study	 of	 how	 the	 objects	 are	 placed	 in	 the	 workplace	 and	
perform	 a	 physical	 reorganization	 is	 good	 to	 start	 with	 work	 done	 frequently	 and	 where	
there	 is	 involved	a	 lot	operators.	From	here	you	can	make	a	brainstorming	where	you	can	
share	ideas	and	reflect	on	what	is	the	most	successful.		
In	the	redistribution	of	objects	employee	becomes	a	really	important	figure	because	
it	 is	 him	 who	 in	 their	 day	 per	 day	 find	 everything	 more	 accessible	 and	 the	 distance	 will	
decrease	considerably.	This	 is	an	added	because	 indirectly	 is	helping	to	 improve	employee	
satisfaction,	 these	 techniques	 are	 good	 to	 promote	 them	within	 organizations,	 start	 with	
frequent	exercises	and	extend	this	methodology	to	the	rest	of	the	organization.	

















However,	 their	production	 systems	 suffered	a	hard	 change	of	 such	magnitude	 that	
managed	 to	 revolutionize	 the	world	economy	through	 the	 introduction	of	new	production	
techniques	that	avoid	waste.	If	it	is	united	with	the	quality	concepts,	allowed	to	Japan	one	of	
the	leading	countries	in	industrial	manufacturing.		
Many	 Japanese	 manufacturing	 companies	 visualized	 assembly	 of	 a	 product	 as	 a	
continuous	 process	 based	 on	 the	 design,	 production,	 distribution	 sales,	 and	 customer	
service.	 For	many	of	 these	companies	 the	heart	of	 this	process	 is	 the	Kanban	 system	 that	
handles	much	of	the	manufacturing	organization.		






today’s,	 which	 requires	 quickly	 responses	 and	 fulfillments	 in	 the	 quality,	 quantity	 and	
delivery	times.		
The	implementation	of	this	production	systems	that	manage	to	meet	the	demands	of	









prior	 introduction	 of	 a	 number	 of	 principles,	 such	 as	 Toyota	 did.	 They	 had	 to	 change	 its	















To	 face	 this	 problem,	 Japanese	 engineers	made	 a	 study	 tour	 to	 the	United	 States,	
where	 they	 observed	 the	 way	 of	 functioning	 of	 supermarkets	 and	 they	 discovered	 two	
important	events	that	it	were	all	the	time	repeating:		
a. The	 sections	 of	 the	 supermarket	 have	 a	 limited	 capacity	 for	 products	 available	 to	
customers.		
b. When	 these	 products	 reach	 a	 minimum	 level,	 the	 head	 of	 the	 section	 go	 to	 the	
warehouse	and	takes	the	products	in	the	amount	that	has	been	consumed.		
The	Japanese	interpreted	the	fact	that	a	product	section	is	empty	as	an	order	(order	


























of	 small	 size	 and	 can	 be	 attach	 to	 a	 container	 of	 the	 products,	 which	 offers	
information.		
	













The	main	and	 immediate	 function	of	Kanban	 is	 to	be	a	work	order,	 it	 is	not	only	a	
guide	for	each	process,	is	an	order	which	must	be	fulfilled.		





















orders	 to	 suppliers	 to	produce	Product	A,	but	 imagine	 that	 suddenly	 in	 the	market	




Through	 the	history	of	many	companies,	 they	have	had	problems	with	 information	
and	 it	was	mainly	because	of	 the	 low	accuracy	of	 information.	The	companies	hide	






best	 way	 to	 do	 orders	 is	 making	 small	 lots	 which	 are	 based	 on	 the	 fundamental	
concept,	adjust	to	customer	demand.		
	
It	 can	 be	 define	 the	 Kanban	 system	 as	 a	 production	 technique	 where	 work	
instructions	are	provided	by	 cards	 called	Kanban	 to	 the	different	production	areas,	
constant	instructions	(at	intervals	varied	time)	ranging	from	one	to	the	other	before	












• Production	 control	 à	 Integration	 of	 different	 processes,	 reducing	 directly	 the	




or	 materials	 (waste),	 the	 use	 of	 defective	 parts	 and	 improper	 operation	 of	 some	
equipment.	It	is	the	same	as	the	picture	shown	at	the	beginning	of	the	work.		
• Elimination	of	overproduction	à	Doing	only	the	necessary	quantity,	there	is	not	any	
surplus	 production,	 which	 means	 that	 may	 reduce	 the	 storage	 areas	 of	 post-
production.	 It	 also	 represents	 a	 reduction	 in	 the	daily	 plan	 to	produce	parts	which	
can	 lead	 to	a	 reduction	of	 the	necessary	hand-made	or	 time	 to	get	 the	number	of	
parts	required.	Doing	this,	it	will	be	improve	in	a	productive	and	economic	way.	












Material	 flow	 represents	 the	 elements	 in	 the	 factory	 that	 is	 moving	 like	 material,	
men,	equipment,	documents;	 all	 that	 it	 is	 included	 in	manufacture	a	product	or	a	 service.	
The	 term	 material	 flow	 refers	 to	 the	 determination	 of	 the	 most	 effective	 sequence	 of	
movement	of	material	through	the	process	steps	involved	and	the	intensity	of	magnitude	of	
these	movements.		
An	 effective	 flow	 means	 that	 the	 materials	 move	 progressively	 throughout	 the	
process,	always	advancing	 to	completion	and	without	excessive	diversions	or	withdrawals.	
The	material	 flow	 analysis	 is	 the	 heart	 of	 the	 planning	 layout	wherever	 the	movement	 of	







the	 steps	 consists	 in	 the	 selection	of	 the	manufacturing	 process.	 This	 implicitly	 defined	 in	
many	cases	the	material	handling	system	that	it	should	be	used	due	to	its	characteristic	and	
operating	techniques.		
It	 is	 obvious	 then,	 that	 the	 selection	 of	 the	 manufacturing	 process	 must	 be	 done	




















































































1. Extrusion	à	 Rubber	 to	 produce	 the	 hoses	 came	 rolled	 in	
500metres	 strips	 which	 were	 joined	 to	 the	 extruder	
machines.	 These	 strips	 went	 through	 all	 the	 sub-phases	 in	
the	extruder,	where	a	polyamide	thread	was	added	outside,	
and	then,	another	rubber	 layer	on	the	top	of	 it.	Finally,	 the	
strip	 was	 cut	 according	 to	 the	 specifications	 and	 small	
rubber	parts	were	got.	An	operator	took	them	and	filled	an	
empty	box.	 It	 is	 a	 continuous	process	where	 they	push	 the	





• Four	 of	 them	 work	 with	 two	
levels	 of	 rubber,	 it	 means	 that	 they	
put	 the	 form	 of	 the	 rubber	with	 the	






• They	 have	 another	 type	 of	
tubes	that	are	smaller	and	they	don’t	








approximately),	when	 this	 boxes	were	 covered,	 this	 operator	 created	 a	 new	 batch	





















order	or	 specific	position	but	 the	worker	has	 to	 introduce	 it	 into	 the	 “Izaro"4	program	
because	later	it	is	supposed	that	the	next	operator	has	to	look	into	the	program	to	know	
where	 the	curso	 is.	 It	 is	a	 caotic	warehouse	where	 they	have	151	positions	 to	have	all	
their	 crudo	 but	 in	 the	 company	
works	 with	 more	 than	 600	
references.	
Positions	 in	 the	warehouse	 are	 in	
papers	 above	 the	 boxes	 as	 it	 is	
shown	 in	 the	 picture.	 Sometimes	
this	 is	 not	 the	 best	 solution	
because	it	has	some	problems:	the	
first	 one	 is	 that	 there	 are	 too	
many	crudo	because	they	produce	
too	much.	The	second	one	 is	 that	
the	 workers	 do	 not	 look	 in	 the	
software	where	do	they	have	to	go	














3. Autoclaves	 +	 Shower	 (Vulcanization)	 à	 When	 a	 specific	 reference	 needed	 to	 be	
produced,	the	necessary	quantity	of	it	was	taken	from	the	WH4.	The	rubber	was	fitted	in	
the	mandrels,	which	in	the	same	time,	were	in	a	trolley	as	it	can	be	show	in	the	picture	





types	 of	mandrels.	 One	 in	 the	
bottom,	 another	 in	 the	 back	
and	four	in	the	sides.			
Once	 all	 the	 mandrels	 are	
prepared,	they	introduce	them	
on	 the	 autoclave	 where	 the	
pressure	 and	 temperature	 in	
the	 chamber	 is	 increased.	 It	
increases	 the	 pressure	 until	
the	temperature	works	at	least	








4. Quality	 control	 I	 	à	 It	 exists	 for	 each	 autoclave	 a	
table	 for	 quality.	 As	 it	 is	 shown	 in	 the	 picture	what	
they	do	is	to	control	that	the	product	has	the	correct	
form	 and	 comply	with	 the	 requirements.	When	 the	
tubes	 came	of	 the	 shower	 the	operators	 take	 them	
off	and	put	them	on	the	box	which	depending	of	the	
reference	 and	 the	 quality	 worker	 gets	 and	
corroborates	 that	 all	 the	 tubes	 are	 ok	one	per	 one.	
After	 checking	 the	 rubber,	 they	 created	 a	 new	
“curso”	 batch.	 This	 batch	 had	 a	 specific	 quantity	 of	









5. Washing	machine	à	 Operators	 had	 two	 washing	 machines	 for	 all	 the	 company	 who	
work	 all	 the	 time.	 In	 each	 washing	machine	 it	 is	 separated	 in	 different	 zones	 for	 the	
different	boxes	that	they	receive.	These	hoses	were	cleaned	with	water	to	remove	the	










































are	around	the	 factory.	 It	was	the	place	where	different	hoses	and	 incorporables	were	
linked	together,	cut,	painted	or	added	to	other	hoses.	Commodins	brought	the	“curso”	
from	WH1	and	WH2	and	operators	assembled	them.	Sometimes,	these	hoses	needed	to	
go	 through	 more	 than	 one	 assembly	 sub-processes,	 but	 they	 always	 ended	 as	 final	
products.	They	put	customer’s	packaging	in	pallets	for	the	next	process	until	a	commodin	
took	 them	out.	 They	didn`t	 have	 any	order	before	but	 they	have	been	 changing	 all	 of	
them	to	a	better	lay-out	distribution.	Depending	on	the	type	of	reference	that	they	are	
making	it	is	necessary	to	have	one,	two	or	three	operators.	
Finishing	 area	 or	 assembly	 process	 the	 hoses	 and	 incorporables	were	 linked	 together,	
cut,	painted	or	added	to	other	hoses.	The	finishing	cells	were	divided	in	3	different	halls,	
“Old	 hall”,	 “New	 hall”	 and	 “Nano	 hall”.	 112	 assembly	 cells	 were	 at	 disposal,	 which	
covered	 4044m2.	 Specific	 references	 were	 produced	 in	 each	 cell,	 and	 normally,	 these	
never	 changed.	 Usually,	 same	 customer’s	 references	where	 produced	 in	 one	 cell,	 and	






In	 total,	 almost	1200	operators	were	working	 in	3	different	 shifts.	 Every	 shift,	 6	 team-
leaders,	 one	 per	 every	 set	 of	 15-20	 cells,	 were	 assuring	 that	 production	was	 running.	
Moreover	 4	 commodins	 were	 feeding	 the	 cells	 and	 collecting	 boxes	 and	 full	 pallets.	
There	were	also	4	maintenance	guys,	and	a	responsible	to	collect	the	waste.	
There	are	386	different	references	produced	by	Cikautxo	SK,	taking	spare	parts	and	low	
produced	 items	 also	 into	 account.	 The	 “Izaro	 intranet	 server”	 decided	 the	 production	
according	 to	 the	sales	 that	came	directly	 from	the	customer.	Every	day,	and	only	after	
checking	available	workers,	current	stock	and	new	orders,	finishing	supervisors	decided	
what	to	produce	in	each	cell.	On	the	other	hand,	extrusion	supervisors	decided	what	to	
produce	 in	 autoclaves.	 Even	 if	 the	 orders	where	 the	 same,	 every	 process	managed	 its	
production	by	itself,	without	a	real	link	between	them.	
Right	now	they	have	eleven	lines	close	to	the	warehouse	2	and	around	25	cells	close	to	
the	warehouse	13.	 It	 is	 represented	with	number	11	 and	 in	 total	 there	 are	 around	70	
cells	in	all	the	company.		
8. Quality	àAfter	 the	 assembly	 process	 commodins	 brought	 these	 pallets	 to	 the	 final	
control	area,	where	some	pieces	passed	a	control.	There	were	10	tables	with	10	people	
working	in	quality	final	control.	They	do	a	visual	control	of	the	product	detecting	possible	


















































they	 want.	 In	 this	 section	 it	 is	 included	 the	 extrusion,	 the	 vulcanization	 and	 first	
quality	control	that	it	has	been	explained	before.	





















having	 optimized	 production	 process,	 standard	 organisation,	 stock	 keeping,	 control	 in	 the	
cells	 and	visual	management.	An	optimized	 lay-out	would	not	only	bring	 improvements	 in	
the	material	 flow,	 but	 also	 in	 normas	 increasing	 and	 defect	 parts	 decreasing,	 which	may	
have	direct	consequences	in	the	billing.	
	 In	 the	 past,	 assembly	 cells	were	 added	 in	 free	 space	 anyhow,	with	 no	 determined	
rule.	The	company	has	 tripled	the	quantity	of	assembling	cells	 in	 last	4	years,	which	made	
the	finishing	area	be	disorganized.	













cut,	 painted,	 and	 joined	 new	 incorporables	 or	 sleeves.	 Usually,	 various	 hoses	 are	 linked	



















mistake	 is	detected,	 the	production	must	stop.	The	team-leader	 is	 informed	and	they	take	
the	proper	corrective	actions.	If	there	is	enough	stock	to	produce,	operator	checks	this	new	
batch	 and	 starts	 the	 production;	 if	 not,	 they	 change	 the	 planning	 and	 produce	 another	





assembled	and	painted	afterwards.	 For	 that	purpose,	 these	 gauges	 are	 fixed	between	 the	
table	and	the	painting	machine	and	the	hose	is	placed	inside	while	painting.	


































reached,	 the	 box	 is	 covered	with	 a	 plastic	 bag	 and	 positioned	 in	 the	 empty	 pallet.	 In	 the	
same	way,	when	the	needed	quantity	of	boxes	is	in	the	pallet,	it	is	finished	and	ready	to	be	



























define	 a	 product	 family	 as	 a	group	 of	 pieces	 that	 go	 through	 similar	 processes	 and	
equipment	operation.		
It	is	exposed	in	the	Excel	table	below	the	matrix	of	a	product	family	as	an	aid	to	select	
one.	When	 the	number	of	 references	 is	high,	 it	 is	 advisable	 to	pre-focus	 the	 study	on	 the	
references	involving	higher	production	volume.		
	
	 Extrusion	 Vulcanization	 Quality	 Washing	 Oven	 Assembly	 Control	
Reference	
A	
	 	 	 	 	 	 	
Reference	
B	
	 	 	 	 	 	 	
Reference	
C	
	 	 	 	 	 	 	
Excel	table	1	-	Choicing	a	reference	for	the	VSM	
	





The	second	group	“Reference	B“	 	has	almost	all	 the	process,	 it	 is	 the	same	but	 just	
with	 one	 difference,	 the	 oven.	 This	 type	 of	 reference	 is	 around	 the	 72%	 of	 the	 entire	
customer’s	orders	that	they	have.		
	



















ü !"" = !"#$#%$&$'( ! !"#$%#&'()" ! !"#$%&' = 0,9375 ! 0,9875 ! 0,99 =!",! %	
	
o !"#$%#&#'( =  !"# !"#$!"#$$%& !"#$%&'(#) !"#$ = !",!!" =  !",!"%	
	!"# !"#$ = 72 − 4,5 = 67,5	
Where	0,281	is	the	time	that	they	have	for	rest	in	that	time.	
	
o !"#$%#&'()" = !"!"# !"!#$ !"#$ ! !"#$% !"#$%!"# !"#$ =  !,!"" ! !""!",! = !",!"%	
	


























ü !"" = !"#$#%$&$'( ! !"#$%#&'()" ! !"#$%&' = 0,938 ! 0,993 ! 0,9675 =!",!! %	
	
o !"#$%#&#'( =  !"# !"#$!"#$$%! !"#$%&'(#) !"#$ = !"#,!!!!",! =  !",! %	
	
o !"#$%#&'()" = !"#$% !"!#$ !"#$ ! !"#$% !"#$%!"# !"#$ =  !,!" ! !""!"#,!! = !!,!%	
	









process,	 he	 has	 to	 keep	 each	 box	 in	 the	 warehouse	 2	 finding	 the	 positicion	 and	
placed	for	it.	
ü !"" = !"#$#%$&$'( ! !"#$%#&'()" ! !"#$%&' = 0,941 ! 0,954 ! 1 = !",!! %	
	
o !"#$%#&#'( =  !"# !!"#!"#$$%& !"#$%&'(#) !"#$ = !!"!"# =  !",!%	
	
o !"#$%#&'()" = !"#$% !"!#$ !"#$ ! !"#$% !"#$%!"# !"#$ =  !,!! ! !""!!" = !",!%	
	














ü !"" = !"#!"#!$!%& ! !"#$%#&'()" ! !"#$%&' = 0,9411 ! 0,8 ! 0,96 =  !"%	
	
o !"#$%#&#'( =  !"# !"#$!"#$$%& !"#$%&'(#) !"#$ = !""!"#,! =  !",!!%	
	
o !"#$%#&'()" = !"#$ !"#$%&'(#)!"#$%&'(#) !"#"!$%& =  !"!" = !"%	
	











ü !"" = !"#$#%$&$'() !"#$%#&'()"*+,'-./0 = 0,9411 ! 0,9677! 0,9825 =!",!" %	
	
o !"#$%#&#'( =  !"# !"#$!"#$$%& !"#$%&'(#) !"#$ = !""!"# =  !",!!%	
	
o !"#$%#&'()" = !"#$% !"!#$ !"#$ ! !"#$% !"#$%!"# !"#$ =   !,!"! !""!"" = !",!!%	
	





































































































































































Once	 it	 has	 been	 analized	 all	 the	 processes	 in	 the	 company	 it	 is	 important	 to	
represent	and	understand	the	obtained	data	in	order	to	make	changes	and	think	in	diferent	

















company.	 It	 is	 something	 that	
they	have	to	change	if	they	want	
to	 improve	 and	 offer	 the	
customer	 good	 quality.	 It	 has	
been	 calculated	 and	 separated	
the	 percentage	 of	 added	 value	
time	against	the	wasted	of	time.		
If	 it	 is	 transfered	 the	 lead	 time	


















This	means	that	if	is	compared	the	lead	time	against	the	value	added	time	it	will	be:		23!4ℎ!"#$558′6ℎ!"#$ ∗ 100 = 4!18% 	
It	could	be	said	that	only	the	4‘18%		of	the	time	this	company	is	adding	value	to	the	






As	 it	could	be	seen	above	 in	 the	value	stream	map,	 it	was	easy	to	 identify	 that	 the	
reference	 has	 stayed	 too	 much	 time	 at	 the	 warehouse	 2	 (the	 “curso“	 stockage).	 In	 this	
company,	warehouse	2	represents	the	most	critical	area	of	the	production.	In	spite	of	being	
defined	 the	 time	of	 storage	as	5	days	maximum,	Cikautxo	 can’t	 afford	 this	 aim.	All	 of	 the	
other	 processes	 represented	 in	 the	 graphic	 above	 are	 common	 or	 aren’t	 as	 bad	 as	 the	
storage	of	curso.	This	is	something	that	they	are	not	able	right	now	to	achieve	if	they	don’t	





























1. Assembly	à	 It	 is	 normal	 that	 this	 is	 the	 second	position	because	 it	 is	 a	handmade	





2. Quality	Control	 II	à	 It	 is	 in	 the	third	position	because	 is	all	 its	work	 is	a	handmade	
work.	 It	 is	 the	 same	 as	 the	 assembly	 one.	 In	 the	 reference	 studied	 the	 customer	
wanted	400	pieces,	they	put	them	in	20	boxes	with	20	pieces	in	each.	It	means	that	
only	a	woman	(always	woman)	 is	 responsible	of	 the	order	and	she	has	to	 look	 into	
the	20	boxes	and	check	all	 the	pieces	one	per	one	making	marks	on	 the	 tube	with	
a	pen.		
This	 is	a	simple	analysis	of	a	common	reference	but	 they	repeat	 this	process	 for	almost	all	




























• Previously	mentioned	 stock	did	not	 follow	FIFO	 rules	 as	 they	were	 stocked	one	on	
the	top	of	the	other	and	taken	out	anyhow	(sometimes	all	of	them,	other	times	just	
upper	ones).	
• Disorganized	 working	 areas.	 Even	 if	 the	 process	 is	 defined	 in	 each	 assembly	 cell,	
workers	do	not	follow	these	step	by	step,	and	they	modify,	add	or	delete	some	items.	
• Similar	 technologies’	 cells	 were	 sometimes	 far	 one	 from	 each	 other.	 The	 lay-out	
seemed	not	to	make	sense	in	some	occasions.		
• No	 rules	 for	 keeping	 row	 material,	 attachments,	 boxes,	 gauge,	 pallets	 and	





























• Working	 rythimà It	 is	 extrusion	 that	 is	 producing	 a	 lot	 almost	 without	 control	
because	they	say	is	cheaper.	It	is	true	that	the	machines	are	working	with	a	very	high	
efficiency,	but	they	are	working	with	a	push	system	and	the	one	that	has	to	indicate	





they	 have	 stock	 for	more	 than	 3	months.	 This	 is	 the	 reason	 why	 they	 don’t	 have	









and	 they	 just	 know	Hungary,	 this	 is	 a	 really	 problem	when	 they	 have	 to	 complete	





































































3. He	 went	 to	 the	 new-hall	 and	 took	 the	 empty	 boxes	 and	 cardboard.	 He	 crossed	
through	all	new-hall	and	went	to	the	nano-zone.		
4. He	gave	the	empty	boxes	to	another	comodin.	


















to	analyze	what	 the	 team	 leader	does.	 It	was	 chosen	a	 random	day	and	hour,	 to	 see	and	
study	all	 the	 journeys	and	movements	 that	he	does,	but	 it	was	decided	 to	 study	 it	 in	 two	
hours	because	the	first	one	he	was	repairing	and	solving	some	problems.		
Other	member	of	 the	“Kaizen	 team”	used	also	 the	 spaghetti	diagram	to	define	 the	
tasks	that	team	leader	is	used	to	do	and	these	were	the	results:		
1. Checked	the	quantity	of	pieces	of	previous	shift	in	each	cell		
2. Took	 another	 paper	 from	de	 “check	 point”	 and	wrote	 down	 the	 people	who	 have	
been	working	that	day		


























































Cikautxo	Slovakia	 is	 the	 company	where	 the	 “Kanban”	 system	has	been	 implanted.	
After	the	growing	this	 factory	presented	serious	shortcomings	 in	 its	organization	and	 in	 its	
production.		
The	aim	problem	was	that	nobody	cared	about	the	company’s	problems,	not	only	the	
operators	 even	 the	management.	 Although	 they	 didn’t	 have	 any	 order	 in	 the	 factory	 and	
they	had	deficiency,	they	didn’t	change	anything	because	they	had	stock	to	prepare	all	the	
customer’s	orders	and	they	weren’t	late	to	the	delivery	date.		
The	problems	detected	at	Cikautxo	Slovakia	 join	 to	a	 really	bad	organization	and	a	
not	very	good	plan	production,	meant	lot	of	stock	and	high	manufacturing	lead-time.	
Even	 though	 the	 high	 manufacturing	 lead-time	 was	 really	 large,	 it	 was	 really	





work	 in	3	shifts,	which	means	22.5	daily	hours,	 they	were	able	 to	make	1000	pieces.	Now	




there	 was	 an	 order	 of	 450	 pieces	 and	 they	 produced	 400,	 but	 for	 organization	
problems	were	missing	50,	there	was	no	way	to	make	them.	They	had	to	wait	for	the	






they	 are	producing	 is	 too	big	 comparing	with	 the	 customer	orders.	With	 the	 same	
example	 as	 before,	 if	 Nissan	wanted	 450	 pieces,	 they	were	 producing	 1500	 pieces	
because	with	this	way,	they	won’t	produce	more	during	the	week.			
	












that	 the	 company	 showed	 some	 fear	 in	 order	 to	 change	 their	modus	operandi	 because	 it	
was	 something	 complicated,	 costly	 in	 time	 and	 money,	 and	 needed	 several	 employees	
dedicating	their	time	only	for	this.	
Another	 problem	 detected	was	 related	 to	 the	 layout	 (“plant	 design”)	was	 not	 the	
ideal.	Checking	the	route	that	the	parts	of	rubber	have	to	do	since	the	beginning	production	
until	 the	 shipped	 to	 the	 customer	was	observed	not	only	excessive	distances	but	 also	 the	
means	of	transport	materials	were	slow	and	inefficient.		
On	 the	 other	 hand,	 the	machines	 failures	were	 frequent	 and	were	 not	 controlled;	
operators	didn’t	mind	of	 the	monitoring	 fault	 that	 they	had.	The	way	that	Cikautxo	solved	
this	 problem	was	 producing	 a	 certain	 percentage	more	what	was	 needed,	 “Just	 in	 case	 it	
appeared	 any	 kind	 of	 damage”.	 This	 situation	 created	 another	 problem	 that	 has	 already	
been	 previously	 presented	 and	 was	 what	 to	 do	 with	 the	 leftover	 pieces.	 The	 excess	
production	caused	the	storage	of	boxes,	the	disorder,	the	lack	of	space,	the	disorganization	
and	difficulty	in	managing	and	locate	the	thousands	of	leftover	pieces.		
Talking	 about	 quality,	 company’s	 policy	 was	 “trust	 at	 the	 intermediate	 process”	
which	 consists	 in	 checking	 the	 final	 product	 in	 the	 last	 process,	 before	 being	 packed	 and	























they	 work	 with	 big	 lots	 producing	 too	 much	 stock	 and	
putting	it	on	the	floor	waiting	for	the	vulcanization.		
2. Warehouse	2	à 	Producing	 this	amount	of	 tubes	 that	 they	


























































As	 it	 can	 be	 seen	 in	 the	
image	and	with	the	aid	of	
this	 Excel	 table,	 some	
things	 and	 positions	 has	
changed.		
Repeated	 place	 por	 final	
good	 pallet	 has	 been	
eliminated	 to	 create	 an	
organize	 assembly	
process.		
Rubber	 and	 empty	 boxes	
has	 taken	 out	 from	 the	





by	 the	 operator	 with	
plastic	 or	 carton	 boxes	
because	 in	 most	 of	 the	












































After	 having	 all	 the	 cells’	 lay-out	 optimized,	 the	 next	 step	 was	 deciding	 the	 new	
location	of	them	around	the	halls	in	the	best	way	to	solve	the	problems	mentioned	before.	
So,	we	 started	 from	0	point,	placing	 the	 cells	depending	on	 the	 following	 requirements	 in	
one	place	or	another.	
• Keep	free	space	for	incoming	cells	in	the	future.	
• Similar	 processes	 should	 be	 placed	 in	 the	 same	 area	 to	 facilitate	 team	 leaders	














Green	 color	 cells	 are	 the	 ones	 that	
were	 not	moved,	 light	 blue	 color	 cells	
were	 the	 moved	 ones	 and	 the	 dark	
blue	color	ones	were	kept	for	new	cells	
or	 free	 space	 for	 the	 cells	 that	 will	
come	in	the	future.		
Plastic	 assembly	 cells	 were	 put	
together	to	have	an	organize	lay-out.		













• Intermediate	stock	should	have	decreased	but	right	now	it	 is	difficult	 to	see	and	to	
check	because	it	is	just	the	start	up.		
• Better	 keeping	 of	 the	 material	 knowing	 all	 the	 time	 where	 is	 every	 material	 and	
having	a	position	for	each	type.	































































A	 Kanban	 system	 has	 been	 used	 for	 feeding	 both,	 incorporables	 and	 curso	 to	 the	
assembly	cells.	The	concept	was	explained	previously,	but	now,	we’re	going	to	deepen	and	
outline	the	main	points.	
It	 is	 important	to	understand	that	at	the	beginning	all	 the	decisions	that	have	been	
taken	were	 just	with	theory	data	 that	 it	has	been	done	but	 it	 is	 something	really	different	
after	 simulating	 the	 system	 and	 finding	 the	 problems.	 What	 it	 is	 founded	 after	 the	





It	 is	 really	 good	 to	 know	 the	 employee’s	 thoughts	 because	 it	means	 that	 they	 are	














Knowing	the	possible	 frequencies	 it	has	been	divided	the	work	as	a	 team	and	each	
member	of	the	Kaizen	team	has	studied	one	of	the	three	frequencies	mentioned	before	of	
feeding	time.		
For	 this	 project	 has	 been	 studied	 1-hour	 frequency	 and	 it	 has	 been	 simulated	 and	
seen	how	the	commodin	would	work	and	how	many	cells	should	feed	in	that	period	of	time.	







and	 routes	 that	 it	 was	 wanted.	 At	 the	 beginning	 it	 was	 started	 with	 the	 “Assembly	
Frequency”,	which	 is	 included	 in	 the	annex.	 In	 this	excel	 it	has	been	written	 the	 four	 lines	
with	the	24	cells,	the	curso	and	incorporable	for	each	cell	and	the	references	needed	and	the	
number	of	boxes	for	each	reference.		
Next	 step	 was	 to	 recollect	 all	 the	 data	 and	 knowing	 the	 references	 of	 curso	 and	
incorporable	 that	 cells	were	 producing	with	 the	 quantity	 of	 boxes	 and	 the	 period	of	 time	




REF	 CELL	 LINE	 Position	 Boxes	 Hours	 Hours/box	 exact	 rounded	
5050714	 756	 1	 2	 6	 8,78	 1,46	 0,7	 1	
4112574	 53510	 1	 1	 1	 21,10	 21,10	 0,0	 1	
Excel	table	4	-	Curso	frequency	excel	(1	hour)	
INCORPORABLE	FREQUENCY	 1	HOUR	
REF	 CELL	 LINE	 Boxes	 Hours	 Hours/box	 exact	 rounded	
1320783	 770	 2	 2	 2,7	 1,4	 0,4	 1	
1320783	 770	 2	 2	 2,7	 1,4	 0,4	 1	
Excel	table	5	-	Incorporable	frequency	excel	(1hour)	




The	 column	 of	 “hours”	 means	 how	 long	 will	 take	 the	 cell	 to	 run	 out	 of	 curso	 or	

























As	 it	 can	be	 shown	before,	 it	 has	been	 chosen	 the	most	 critical	 time	 references	 in	
each	cell	knowing	that	this	case	should	be	almost	impossible.	This	choice	has	been	selected	
because	 if	 the	 problem	 is	 resolved	 with	 the	 most	 critical	 situation,	 there	 won’t	 be	 any	
problems	in	a	workday.		
After	doing	all	 the	 studies	with	 the	 three	 frequencies,	 it	was	necessary	 to	 simulate	
some	tasks	as	taking	the	empty	boxes,	getting	the	kanban	card	for	the	cells	and	feeding	the	
cell	 with	 the	 staff.	 In	 conclusion,	 it	 was	 simulated	 what	 the	 commodin	 was	 going	 to	 do	










Once	 it	 was	 established	 these	 information,	 it	 was	 easy	 to	 simulate	 the	 stop	 and	
taking	 the	 kanban	 cards	 that	 it	was	 needed	 in	 the	 pilot	 area	with	 the	 frequency	 defined.	
With	the	previous	study	of	the	cells	were	the	most	critical	and	the	frequencies	that	could	be	
possible	 to	 define	 for	 the	 commodin	 it	 was	 compared	 my	 1-hour	 frequency	 against	 the	























Boxes	consumption	 15	 12	 9	
Excel	table	7	-	Consumption	of	Curso	and	Incorporable	boxes	in	each	frequency	
Knowing	the	quantity	of	boxes	that	the	commodin	should	have	to	get	and	feed	in	the	cell,	it	
was	easy	 to	define	 the	route	and	make	an	estimation	of	how	 long	will	 take	him	to	do	the	
feeding	of	course	and	incorporable.		
	 CURSO	 INCORPORABLE	
2	h	 1	½	h	 1	h	 2	h	 1	½	h	 1	h	
Total	time	for	all	the	process	 49min	 39min	 31min	 38min	 32min	 27min	
“Free	time”	for	commodin	 71min	 51min	 29min	 82min	 28min	 33min	
















	 2	hours	 1	½	hours	 1	hour	
Total	time	for	all	the	process	(cur&inc)	 87	min.	 71	min.	 58	min.	
“Free	time”	for	commodin	 33	min.	 19	min.	 2	min.	
Saturation	of	commodin	 73%	 79%	 97%	
Excel	table	9	-	Saturation	and	frequency	for	the	commodin	doing	both	tasks	
The	commodin	was	supposed	to	work	at	the	73%	of	his	possibility	so	he	will	be	able	to	do	
















































	 The	 first	 design	 though	 and	 shown	 to	
the	 team	 was	 the	 one	 above.	 It	 was	 a	 really	
complete	 card	 which	 contains;	 the	 reference	
number	of	the	product,	its	picture,	the	quantity	
of	 boxes,	 the	 customer	 to	 whom	 it	 was	





even	not	necessary	 the	quantity	of	 the	pieces	 inside	 the	boxes	because	 they	don’t	have	a	
system	to	count	them	in	the	extrusion	machine.	It	was	the	same	for	the	customer,	it	is	true	
that	 the	 cell	 usually	works	 for	 only	 one	 customer	 but	 not	 always,	 because	 they	 have	 too	
many	orders	and	too	many	work.		























































• Karta	 gumovej	 hadice	 (Curso	 card)	 à 	 It	 has	 been	 also	 specify	 the	 reference	
(referencia)	number	of	 incorporable,	 the	cell	 (bunka)	 in	which	are	using	that	curso,	
the	 line	 (rad)	 where	 the	 cell	 is,	 the	 position	 (pozicia)	 in	 the	 rack	 and	 the	 only	
difference	 is	 the	bar	code.	 It	won’t	be	necessary	 the	bar	code	with	the	curso	cards	
because	the	warehouse	is	on	the	floor	and	it	is	indicated	with	papers	their	position	at	
the	warehouse.	This	is	not	the	best	way	to	search	the	boxes	that	the	cell	needs	but	it	






At	 the	 beginning	 it	was	 thought	 to	 design	 a	 card	with	 a	 standard	 dimension	 like	 a	
mobile.	It	had	to	fix	on	the	hand	and	it	would	be	something	easy	to	keep	in	the	pocket	of	the	
trouser.	But	there	was	a	problem	when	the	provider	gave	us	a	sample	of	the	holder.	It	was	






long	 and	 the	 thick	 would	 be	 the	 same	 as	 a	 paper.	 The	 last	 step	 necessary	 to	 do	 was	 to	
plasticize	and	laminate	the	cards.	It	was	thought	like	this	in	order	to	not	break	them	the	first	
week.		
































	 The	 forklift	 is	 used	 for	 incorporable	 because	 they	 storage	 the	 material	 in	 the	
warehouse	 13	 which	 has	 chaotic	 system	 with	 4	 different	 heights.	 All	 the	 staff	 they	 have	
there	is	to	supply	all	the	company	so	it	is	really	big	and	to	get	the	material	from	the	3rd	and	
4th	floor	 is	needed	the	forklift.	Even	for	the	finished	product	 is	necessary	to	use	 it	because	
when	the	cell	finish	the	assembly,	they	leave	the	pallet	with	lots	of	boxes	on	it	and	wait	for	





	 Incorporable	 trolley	 à	 The	 measure	 of	 the	 trolley	 was	
studied	 for	 1’2	 x	 2	 x	 1’5	 m.	 It	 was	 though	 to	 have	 at	 least	 20	
positions	 supposing	 that	 the	 boxes	 were	 all	 of	 them	 not	 the	
standard.	This	was	something	would	never	happen	so	it	was	going	
to	 have	 even	 more	 than	 30	 positions,	 it	 was	 depending	 on	 the	


















	 Curso	 trolley	à	 Measurement	 of	 the	 trolley	 would	 have	
been	 also	 the	 same	 as	 the	 incorporable	 trolley.	 The	 only	 change	
done	was	the	capacity	of	the	trolley	because	all	the	boxes	are	the	
same.	 It	means	 that	 the	 standard	 box	 is	 40x60x20cm	 so	 one	 box	












The	 first	design,	which	 is	 in	 the	 left	picture,	wasn’t	 the	want	as	expected	 so	 it	was	





















	 Operator	 has	 been	 assembling	 rubber	 and	 incorporable	 to	 supply	 the	 order	 of	 the	

















incorporable	 items	have	a	position	 in	 the	rack	and	when	 it	has	 to	change	for	other	
reference,	they	don’t	have	to	be	worried	about	the	stock	or	to	ask	the	commodin.		
	


















First	 of	 all	 the	 rack	 should	 be	 full	 of	 all	 the	 incorporable	 boxes	 as	 it	 is	
shown	 in	 the	picture.	 In	 some	positions	are	more	 than	 just	one	but	 for	
understanding	the	way	of	work	is	enough.		
For	 the	 three	 floors	 of	 boxes	 that	 they	have,	 it	 also	has	 three	 floors	 of	
holders	 too	 in	 the	 left	 or	 right	 side.	 It	means	 that	 they	 have	 9	 holders	
















This	 simple	 task	 warns	 the	 commodin	 that	 the	 cell	 needs	 another	
















kanban	 system	 will	 be	 tasks	 for	 commodin,	 operator	 and	 team	 leader.	 It	 will	 be	 really	
important	to	define	specifically	which	routes	they	will	have	to	do.	The	frequency	has	been	
calculated	and	explained	before	as	 two	hours	per	route	to	satisfy	 the	most	critical	 time	of	
some	of	the	cells.	Knowing	this	information,	it	has	been	really	important	to	define	the	same	
route	all	the	time	to	give	no	choice	for	the	commodin	to	fail.		




like	 this	 because	 if	 some	 day	 the	 commodin	 decide	 not	 to	 come	 (very	 typical	





have	 to	 take	 them	 to	 the	warehouse	 13	 and	 help	 the	 other	 commodin	who	 is	
preparing	 the	 trolley	 with	 incorporable	 material	 to	 feed	 the	 cells	 later.	 It	 is	
important	to	highlight	that	he	will	always	do	the	same	route.			




cells	and	get	 the	box.	After	 this,	he	will	 feed	 the	cell	and	start	with	 the	kanban	
card	route.		
• Picking	area	à	Other	commodin	will	be	 located	at	the	warehouse	13	preparing	










































As	 it	 can	 be	 shown	 there	 are	 two	 new	 tasks	 that	 they	 have	 to	 do.	 Control	
incorporable	 cards	 in	 each	 cell	 (quantity	 and	 placement),	 and	 taking	 care	 about	 the	













Viewing	 the	weakness	 in	 the	 actual	 system	




supply	 the	 cells	 is	 necessary	one	 comodin,	 and	
another	 comodin	 helping	 for	 the	 picking	 in	
WH13.	
The	 comodin	 will	 start	 taking	 the	 Kanban	
cards	of	the	cells	 in	the	mailbox,	starting	in	the	
point	A.	If	cards	were	in	the	mailbox	of	the	cell,	
he	 must	 take	 them.	 He	 will	 travel	 around	 the	
lines	following	the	route	in	the	picture	and	take	
cards.	 First	 he	 will	 start	 with	 the	 Line	 1,	 and	
then	 he	 will	 continue	 with	 Line	 2,	 Line3	 and	
ends	with	the	Line4.	




Once	 finished	 the	 picking,	 he	 will	 take	 the	
trolley	 and	 goes	 to	 the	 assembly	 lines.	 While	
comodin	supplies	the	boxes	in	the	cell,	leaves	the	
cards	 in	 the	 holders.	 This	 route	 is	much	 like	 the	
previous	 one,	 start	 in	 the	 same	 point	 A.	 The	
difference	is	in	the	corridor,	which	is	between	the	
second	 and	 the	 third	 line.	 The	 trolley	 can´t	 turn	
around,	so	the	comodin	must	supply	both	lines	at	
the	same	time.		
	If	 there	 are	 lots	 of	 incorporables,	 he	 will	








comodin.	 Finally	 he	will	 finish	 to	 feed	 all	 lines	 and	 returns	 to	 the	WH13	 to	 leave	 the	
trolley,	point	B.	
Once	he	is	on	the	way,	he	will	stop	in	the	cell	that	the	kanban	card	indicates	(always	
in	order,	 first	 line	1,	 second	 line	2…)	and	he	will	 take	 inside	all	 the	boxes	 that	 the	cell	




The	 work	 will	 be	 like	 the	 incorporable	
comodin.	 The	 comodin	 will	 start	 taking	 the	
Kanban	cards	of	the	cells,	starting	in	the	point	
A.	 This	 route	will	 start	 near	 the	 Team	 Leader	
zone	 for	 this	 lines,	 and	 the	will	 start	with	 the	
first	 line.	 If	 cards	 were	 in	 the	 mailbox	 of	 the	
cell,	he	must	take	them.	He	will	 travel	around	
the	lines	following	the	route	in	the	picture	and	
take	 cards.	 First	 he	will	 start	 with	 the	 Line	 1,	
and	 then	 he	 will	 continue	 with	 Line	 2,	 Line3	
and	ends	with	 the	Line4.	When	he	has	picked	
all	cards,	he	will	bring	to	the	curso	zone	that	it	




For	 the	 lines	 1	 and	 2	 curso	 will	 be	 on	 the	
right	side	of	the	office.	The	trolley	will	have	
capacity	 for	 40	boxes	of	 curso,	 and	 for	 this	
task	it	would	be	diffent	routes,	one	for	line	1	
and	2	and	other	route	for	line	3	and	4.		
The	 trolley	 will	 start	 in	 the	 point	 A	and	
then	 supplies	 the	 first	 line	 and	 the	 the	
second,	 until	 they	 trolley	 is	 empty.	 Maybe	




















will	 have	 to	 take	 the	 Incorporable	 cards	
from	 the	 holders	 shown	 in	 the	 picture	
and	 start	 searching	 the	 incorporable	 at	
the	warehouse.	After	taking	the	reference	
needed,	he	will	put	the	box	in	the	trolley	













It	 has	been	 talked	all	 the	 time	about	 changing	 the	way	of	work,	 but	 it	 is	 not	what	
three	people	want	to	do	if	later	the	operators,	commodins	and	team	leaders	don’t	believe	in	
the	change.	This	system	needs	to	work	because	people	believe	 in	 it	and	 it	makes	them	an	
easy	way	of	work.		
It	 has	 been	 explained	 to	 the	 operator	 how	 they	 should	 have	 to	 do	 once	 the	 racks	









• First	 level	 it	will	 be	 the	easiest	one,	 commodin	will	 have	 to	pick	 the	empty	boxes	 and	







• Second	 level	will	be	a	 little	more	complicated.	Commodin	will	have	to	take	the	kanban	
curso	and	incorporable	cards	and	provide	all	the	cells.	He	will	have	a	defined	route	and	
he	will	have	to	take	care	that	cells	don’t	run	out	of	the	material.		
• Last	 level	 and	 the	most	difficult	one	 it	would	be	 “Team	Leader”	which	will	 have	 to	be	
responsible	 that	 the	system	 is	 running	well.	Taking	care	of	 the	 red	gauges,	 the	kanban	






Knowing	this	 inconvenient	and	trying	to	do	simple	and	organize	tasks,	 it	was	though	 in	












It	 is	 added	 in	 the	 annex	 of	 this	 work	 some	 powerpoint	 with	 the	 name	 of	 “Formation	
PowerPoint”	that	it	has	been	done	for	this	training	depending	on	the	tasks	that	they	had	to	




























trolley	 (which	 are	 9),	 it	 could	 be	 said	 that	 timing	was	





These	 27	 seconds	 must	 be	 multiplied	 per	 18	




486	 seconds	 is	 the	 result	 of	 the	 easy	 operation	





is	 supposed	 to	 do	 and	 even	 the	 time	 that	 he	 has	 to	
spend	 in	each	task.	These	Excel	tables	can	be	founded	
at	 the	 annex	 of	 this	 work.	 These	 tasks	 have	 been	
explained	to	understand	it	better;	
FEEDING THE CELL WITH 
CURSO 
MOVING TO CELL - PICK UP 
THE BOX - PLACING THE 
BOX INTO THE CELL -
MOVING THE CARD TO THE 
POSITION - MOVING TO 
TROLLEY 
1 CELL 1 26 
2 CELL 2 27 
3 CELL 3 28 
4 CELL 4 28 
5 CELL 5 25 
6 CELL 6 26 
7 CELL 7 28 
8 CELL 8 27 
9 CELL 9 28 
 AVERAGE 27,00 
   
PLACEMENT OF 
BOXES AND CARDS 
INTO THE RACK 
27 
PLACEMENT OF 18 
BOXES AND CARDS 
INTO THE RACK 
486 
TOTAL TIME PER 1 
CYCLUS (sec) 486 
TOTAL TIME PER 1 





































Having	real	data	and	calculating	the	total	time	that	takes	the	commodin	doing	these	tasks;		3!6+ 14!4+ 6!9+ 6!1+ 8!1+ 3!6+ 2!9 = !"!! !"#$%&' 	











Doesn’t	 put	 the	 curso	 card	à	 Operator	 thinks	 it	 is	





Doesn’t	 use	 the	 incorporable	 card	à 	Operator	 has	
been	 taught	 how	 he	 should	 be	 working	 with	 the	
kanban	 card	 in	 spite	 of	 the	 training	 he	 doesn’t	 put	
the	kanban	card	in	the	holder.	It	is	also	a	problem	as	
with	 the	 curso	 card	 because	 they	 maybe	 for	 their	
shift	is	enough	but	not	for	the	next	one.		
These	 both	 problems	 are	 represented	 in	 the	 right	
picture.	There	is	no	box	in	the	rack,	and	there	is	also	
no	card	at	the	commodin’s	holders.		
Number	of	cards	à 	They	only	put	one	card	even	 if	 it	has	been	consumed	three	boxes	
because	operator	thinks	that	is	enough	with	one.		
Number	of	boxes	in	the	rack	à 	Don’t	respect	
number	 of	 boxes	 in	 the	 rack.	 It	 should	 be	 an	




the	 rack	 indicates	 just	 2	 boxes	 per	 position,	
but	they	put	more	because	they	don’t	respect	
or	understand	the	system.		
Is	 it	 good	 for	 the	 system	 that	 the	 operator	
could	 think	 about	 what	 he	 would	 have	 to	










defined	 routes;	 he	 just	 goes	 and	 looks	 where	 the	 kanban	
card	is.		
Not	 used	 trolley	à 	 They	 are	 told	 to	 use	 the	 trolley	 every	
time	they	have	to	go	to	the	assembly	area.	
Don’t	put	the	cards	in	the	holders	à 	It	has	been	seen	in	the	









explained	 in	 the	 system.	This	 is	not	 just	 a	bad	way,	 it	 is	 even	a	dangerous	way,	which	










































are	placed	 for	production.	However,	 in	 some	cases,	 the	
production	 is	 so	 low	 and	 operators	 know	 it.	 For	 this	
reason,	they	ask	for	fewer	boxes	than	needed.		
As	 it	 can	 be	 seen	 in	 the	 picture,	 sometimes	 they	 have	
more	 than	 six	 boxes,	 which	 are	 the	 indicated.	 They	
























In	 the	 left	picture	 it	 is	possible	 to	 see	one	employee	
with	difficulties	to	put	the	kanban	card	up	there	in	the	







in	 the	 holder	 where	 the	 operator	 has	 to	 look.	
Operator	 has	 to	 look	 through	 this	 amount	 of	 cards	
searching	the	reference	they	are	producing.	Even	to	




for	 one	 card.	 Even	 for	 the	 operator	 sometimes	 is	
difficult	 to	 put	 the	 kanban	 card	 inside	when	he	has	
just	feed	the	cell	so	it	could	be	said	that	it	is	not	the	
best	way	to	keep	the	cards.	














use.	The	operator	 is	using	one	green	box	which	means	 that	 is	
for	 one	 specific	 customer,	 and	 he	 has	 also	 two	 types	 of	
different	carton	more	for	the	next	reference.		
	
Boxes	 founded	 with	 different	 references	 in	 one	 position	à 	
One	 position	 in	 the	 rack	 should	 have	 only	 one	 reference	 but	
with	different	number	of	boxes	 for	each.	 It	means	that	 in	one	
position	can	be	1	to	4	boxes	but	always	with	the	same	reference.	 It	has	been	founded	
different	references	in	one	position	as	it	can	be	seen	in	the	picture.		
More	boxes	what	 is	defined	à 	 In	some	cases	 it	has	been	seen	more	boxes	which	has	
been	defined	in	the	label.	It	means	that	if	a	position	should	have	just	2,	there	are	2	or	3	
boxes	more.	The	problem	 is	 that	 it	will	be	an	excessive	 stock	 in	 the	 rack	which	means	
that	 it	 won’t	 be	 follow	 the	 FIFO	 rules	 and	 they	 even	 don’t	 have	 kanban	 card	 for	 the	
cards.	In	the	picture	below	it	is	represented	this	problem.	
Placed	boxes	 invented	à 	 In	most	of	 the	 cells	 are	defined	 the	upper	 shelf	 for	 gauges,	
carton	used	boxes	and	plastic	bag.	It	has	been	founded	a	problem	because	they	have	put	


















































































5280607	 2,25	hours	 18,43	hours	 17,46	hours	 27,77	hours	 65,91	hours	
5494400	 2,16	hours	 17,73	hours	 16,77	hours	 26,66	hours	 63,32	hours	
5778803	 0,633	hours	 5,18	hours	 4,91	hours	 7,81	hours	 18,53	hours	
5294603	 2,10	hours	 17,20	hours	 16,30	hours	 25,92	hours	 61,52	hours	
Excel	table	13	-	Timing	producing	each	reference	for	cell	55054	
In	 the	 total	 column	 is	 indicated	 the	 real	 time	 needed	 to	 produce	 the	 references	
without	any	warehouse.	Three	of	 them	need	around	3	days	 to	make	 them,	and	 the	other	







need	 the	 order	weekly,	 Cikautxo	 accepts	 the	 order	 and	 start	 producing.	With	 the	way	 of	

































It	 is	 important	 to	 take	 an	 account	 that	 the	movements	 of	 pieces	 doesn’t	 add	 any	







It	 should	 be	 asked	 as	 another	way,	why	 the	 company	 is	 investing	 a	 big	 amount	 of	
money	to	grow,	if	 improving	their	process	would	give	them	more	space.	Lots	of	the	orders	
are	sent	late	to	the	customer	and	employees	think	that	they	don’t	have	enough	time	to	do	



































Secondly,	 it	 is	 quite	 important	 to	 understand	 that	 sometimes	 theory	 doesn’t	
represent	what	it	is	going	to	happen	and	it	is	just	when	you	start	up	with	the	system	when	
the	 fails	 take	 off.	 It	 doesn’t	 matter	 if	 you	 have	 done	 estimations	 and	 supposed	 tasks,	




1. Changing	 the	 lay-out	 of	 the	 assembly	 cell	 has	 raised	 the	 norma,	 increasing	 the	
number	 of	 finished	 pieces	 in	 each	 cell.	 It	 could	 be	 translate	 as	 less	 time	 assembly	
pieces	and	saving	time	to	do	other	references.		
As	 it	 can	 be	 seen	 in	 the	 Excel	 table	 below,	 there	 are	 some	 references	 that	 have	
increased	 after	 the	 new	 lay-out	 producing	more	 pieces.	 In	 order	 to	 understand	 it	








































2. Timing	 the	 tasks	 of	 the	 commodin	 as	 it	 has	 been	 explained	 before,	 it	 has	 been	
obtained	the	real	time	that	he	dedicates	to	his	job.	As	it	has	been	mentioned,	theory	
doesn’t	 represent	 the	 real	 way	 of	 work	 at	 all	 so	 with	 the	 actual	 time	 it	 has	 been	
possible	to	do	some	real	conclusion.		
It	has	been	calculated	the	real	time	that	he	dedicates	to	do	all	the	tasks	which	is	45’6	
















As	 it	 can	 be	 seen	 in	 the	 graphic	 it	 is	 represented	 the	 2	 hours,	 which	 was	 the	
theoretical	 time	 against	 the	 real,	 which	 has	 been	 measured	 with	 a	 chronometer.	
































Having	 this	data	 it	 could	be	 said	 that	 commodin	 should	be	able	 to	 feed	all	 the	old	





















are	 not	 working	 in	 an	 organized	 way.	 Maybe	 they	 excuse	 that	 is	 understandable	
because	of	 the	big	grown	that	Cikautxo	has	 to	do	 in	 the	 last	6	years,	but	now	that	
they	are	trying	to	improve,	they	will	have	to	change	it.	In	this	company,	the	salary	of	
a	commodin	its	around	550	€	per	month.	It	means;		550 €!"#$ℎ  ! 2 !"##"$%&' = 1100 €!"#$ℎ 	
	 1100 €!"#$ℎ  ! 14 !"#$  = 15400 €!"#$	
	
























ü !"" = !"#$#%$&$'( ! !"#$%#&'()" ! !"#$%&' = 0,9411 ! 0,94 ! 0,96 =!",!"%	
	




o !"#$%#&'()" = !"#$ !"#$%&'(#)!"#$%&'(#) !"#"!$%& =  !"!" = !"%	
	
o !"#$%&' = !""# !"#$%!"#$% !"!"# =  !"#!"" = !"%	
	
As	 it	can	be	seen	with	the	OEE,	which	means	the	efficiency	of	the	assembly	cell,	at	






the	extrusion	4	days	before	 shipping	 the	order	 (because	 the	entire	manufacturing	process	







As	 it	 can	 be	 seen,	 it	would	 be	 very	 important	 this	 percentage	 save	 because	 the	 company	
would	only	focus	in	what	is	important	à	Continuous	flow	adding	value	to	the	product.	





















the	most	appreciated	value	for	a	company.	 It	 is	around	70%	for	 just	one	reference,	but	 if	 I	
talked	in	a	global	way,	supposing	that	the	65%	of	the	entire	references	of	the	products	have	
the	 same	 quantity	 of	 order	 it	 means	 that	 at	 least	 390	 references	 will	 be	 like	 the	 one	
explained	before.	In	conclusion,		5,44 !! ! 390 !"#"!"$%"& = !"!",! !!	
These	meters	are	being	using	today	in	the	company	just	to	keep	all	the	extra	material	that	
they	are	producing	without	any	customer’s	order.		1,6 !! ! 390 !"#"!"$%"& = !"# !!	
These	meters	would	be	used	 in	 the	company	 if	 they	do	a	continuous	material	 flow.	Doing	
just	a	simple	mathematical	operation,	it	means	that	they	will	save;		2121,6− 624 = !"#$,! !!	
It	 is	 an	 interesting	 result,	which	would	permit	 them	not	 to	 invest	 in	 another	 building	 and	
putting	more	assembly	cells.	Even	if	it	is	though	as	an	amount	of	money,	if	the	square	meter	





















Once	 all	 the	 system	 has	 been	 observed	 and	 seeing	 that	 the	 Kanban	 system	 is	 a	
reliable	way	of	work	that	allows	the	production	adjust	more	the	required	amounts	of	pieces	










has	 been	 explained	 before,	 this	 warehouse	 has	 only	 space	 for	 171	 positions	 and	 they	
produce	more	 than	600	 so	 they	have	 to	be	 all	 the	 time	doing	 a	 flow.	What	 this	 action	of	
searching	means	is;		
• A	waste	of	 time	because	 the	operator	has	 to	 look	 for	 the	 reference	number	 in	 the	
paper	 of	 the	 box.	 If	 he	 has	 to	 look	 at	 all	 the	 warehouse	 it	 takes	 him	 around	 10	
minutes	which	the	autoclave	is	stopped	and	is	not	producing.		
• Sometimes	boxes	don’t	have	the	papers	or	they	have	it	inside	the	box	which	means	





Thinking	 about	 this	 I	 think	 it	 would	 be	 a	 good	 idea	 to	 identify	 the	 warehouse	
depending	on	the	numbers	of	references.	The	 idea	 is	 to	mark	the	numbers	on	the	floor	 in	








For	 example,	 if	 the	extrusion	machine	 is	 producing	 the	 reference	number	5449090	









What	 I	 have	 been	 thinking	 is	 that	 it	would	 be	 a	 good	 idea	 to	 put	 inside	 the	 cell	 a	









he	has	 to	be	driving	 through	 the	entire	warehouse	 searching	 the	box	with	 the	 trolley	and	
sometimes	this	is	a	really	difficult	task	to	do.		
What	it	has	been	though	is	creating	a	picking	area	exactly	the	same	as	the	one	of	the	













to	 take	 the	 trolley	 once	 that	 it	 is	 full,	 shunting	 which	
won’t	do	it	with	the	trolley	and	distance	walked.	It	will	
be	 important	 that	 all	 the	 curso	 that	 is	 needed	 for	 the	
cell	will	have	to	be	next	to	the	line.		
Maybe	 this	 is	 not	 a	 current	 improvement	 but	 if	 I	




















pieces	 of	 C	 and	 8	 pieces	 of	 D.	 But	 they	will	 have	 to	 give	 each	 card	 of	 each	 piece	 for	 the	
producing	area	in	order	to	know	how	many	pieces	they	will	have	to	produce	again.			
A	simple	and	easy	game	which	everybody	will	understand	and	will	participate	asking	








































































the	 material	 as	 they	 want.	 This	 is	 a	 really	 big	 problem	
because	 there	 is	 no	 room	 in	 the	 cell	 and	 if	 they	 start	
putting	 the	boxes	as	 they	want,	 there	 is	no	space	 for	 the	
packaging	or	carton	boxes.		
Painting	on	the	floor	will	be	really	easy	for	them	to	identify	
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	 	CELL LINE REF Boxes Hours Hours/box exact rounded exact rounded exact rounded exact rounded
55069 1 1320584 1 3,1 3,1 0,6 1,0 0,5 1,0 0,3 1,0 0,2 1,0
55069 1 1320584 1 3,1 3,1 0,6 1,0 0,5 1,0 0,3 1,0 0,2 1,0
55099 1 1340389 1 3,5 3,5 0,6 1,0 0,4 1,0 0,3 1,0 0,1 1,0
55099 1 1320580 2 3,5 1,7 1,2 2,0 0,9 1,0 0,6 1,0 0,3 1,0
55099 1 1340391 1 3,6 3,6 0,6 1,0 0,4 1,0 0,3 1,0 0,1 1,0
55054 1 1321004 1 3,6 3,6 0,6 1,0 0,4 1,0 0,3 1,0 0,1 1,0
55054 1 1321004 1 3,6 3,6 0,6 1,0 0,4 1,0 0,3 1,0 0,1 1,0
55054 1 1321004 1 3,6 3,6 0,6 1,0 0,4 1,0 0,3 1,0 0,1 1,0
55099 1 1340413 1 3,8 3,8 0,5 1,0 0,4 1,0 0,3 1,0 0,1 1,0
55099 1 1321001 1 3,9 3,9 0,5 1,0 0,4 1,0 0,3 1,0 0,1 1,0
55069 1 1320580 2 3,9 2,0 1,0 2,0 0,8 1,0 0,5 1,0 0,3 1,0
55099 1 1310800 2 4,3 2,1 0,9 1,0 0,7 1,0 0,5 1,0 0,2 1,0
55069 1 1321260 1 4,5 4,5 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55069 1 1321260 1 4,5 4,5 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55099 1 1321010 1 5,0 5,0 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55054 1 1310688 2 5,0 2,5 0,8 1,0 0,6 1,0 0,4 1,0 0,2 1,0
55099 1 1310500 4 5,0 1,3 1,6 2,0 1,2 2,0 0,8 1,0 0,4 1,0
55041 1 1320921 2 5,3 2,6 0,8 1,0 0,6 1,0 0,4 1,0 0,2 1,0
55041 1 1320921 2 5,3 2,6 0,8 1,0 0,6 1,0 0,4 1,0 0,2 1,0
55041 1 1320921 2 5,3 2,6 0,8 1,0 0,6 1,0 0,4 1,0 0,2 1,0
55041 1 1320921 2 5,3 2,6 0,8 1,0 0,6 1,0 0,4 1,0 0,2 1,0
1 1320921 2 5,3 2,6 0,8 1,0 0,6 1,0 0,4 1,0 0,2 1,0
55054 1 1340342 1 6,0 6,0 0,3 1,0 0,3 1,0 0,2 1,0 0,1 1,0
756 1 1320911 1 6,1 6,1 0,3 1,0 0,2 1,0 0,2 1,0 0,1 1,0
756 1 1320911 1 6,1 6,1 0,3 1,0 0,2 1,0 0,2 1,0 0,1 1,0
55069 1 1340400 1 6,3 6,3 0,3 1,0 0,2 1,0 0,2 1,0 0,1 1,0
55041 1 1320902 1 6,7 6,7 0,3 1,0 0,2 1,0 0,2 1,0 0,1 1,0
55041 1 1320902 1 6,7 6,7 0,3 1,0 0,2 1,0 0,2 1,0 0,1 1,0
55054 1 1321308 1 6,8 6,8 0,3 1,0 0,2 1,0 0,1 1,0 0,1 1,0
55069 1 1310688 2 7,0 3,5 0,6 1,0 0,4 1,0 0,3 1,0 0,1 1,0
55099 1 1321157 1 7,1 7,1 0,3 1,0 0,2 1,0 0,1 1,0 0,1 1,0
55069 1 1340333 1 7,8 7,8 0,3 1,0 0,2 1,0 0,1 1,0 0,1 1,0
756 1 1340147	-	145	mm 1 8,5 8,5 0,2 1,0 0,2 1,0 0,1 1,0 0,1 1,0
756 1 1340147	-	145	mm 1 8,5 8,5 0,2 1,0 0,2 1,0 0,1 1,0 0,1 1,0
55099 1 1321249 1 8,6 8,6 0,2 1,0 0,2 1,0 0,1 1,0 0,1 1,0
55054 1 1320580 2 9,3 4,6 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55054 1 1320580 2 9,3 4,6 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55069 1 1321283 2 9,4 4,7 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55069 1 1321283 2 9,4 4,7 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55069 1 1321283 2 9,4 4,7 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
756 1 1340301 2 11,6 5,8 0,3 1,0 0,3 1,0 0,2 1,0 0,1 1,0
756 1 1340301 2 11,6 5,8 0,3 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55041 1 1321095 1 11,7 11,7 0,2 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55099 1 1310963 8 12,8 1,6 1,3 2,0 0,9 1,0 0,6 1,0 0,3 1,0
55069 1 1310963 8 14,4 1,8 1,1 2,0 0,8 1,0 0,6 1,0 0,3 1,0
55054 1 1310963 8 14,4 1,8 1,1 2,0 0,8 1,0 0,6 1,0 0,3 1,0
55041 1 1310603 8 15,3 1,9 1,0 2,0 0,8 1,0 0,5 1,0 0,3 1,0
55069 1 1340334 2 15,6 7,8 0,3 1,0 0,2 1,0 0,1 1,0 0,1 1,0
55054 1 1340343 2 15,6 7,8 0,3 1,0 0,2 1,0 0,1 1,0 0,1 1,0
55054 1 1340345 2 18,5 9,3 0,2 1,0 0,2 1,0 0,1 1,0 0,1 1,0
55099 1 1321212 1 18,8 18,8 0,1 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55099 1 1340427 1 23,4 23,4 0,1 1,0 0,1 1,0 0,0 1,0 0,0 1,0
55069 1 1340399 2 25,0 12,5 0,2 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55054 1 1340334 2 35,5 17,8 0,1 1,0 0,1 1,0 0,1 1,0 0,0 1,0
53510 1 1310498 2 37,5 18,8 0,1 1,0 0,1 1,0 0,1 1,0 0,0 1,0
53510 1 1310498 2 37,5 18,8 0,1 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55041 1 1310195 8 51,7 6,5 0,3 1,0 0,2 1,0 0,2 1,0 0,1 1,0
55041 1 1321040 2 93,8 46,9 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
55041 1 1340250 2 159,0 79,5 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
55099 1 1340343 2 231,4 115,7 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
53510 1 1310499 2 1406,3 703,1 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
55099 1 1340408 1 2343,8 2343,8 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
boxes	feeding	(h)































CELL LINE REF Boxes Hours Hours/box exact rounded exact rounded exact rounded exact rounded
55063 4 1340382 1 4,6 4,6 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55063 4 1321157 1 4,6 4,6 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55063 4 1321069 1 5,2 5,2 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55135 4 1340330 1 6,7 6,7 0,3 1,0 0,2 1,0 0,2 1,0 0,1 1,0
55063 4 1340341 2 6,7 3,3 0,6 1,0 0,4 1,0 0,3 1,0 0,1 1,0
765 4 1321106A 2 10,4 5,2 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55063 4 1320999 1 11,4 11,4 0,2 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55063 4 1340335 2 11,4 5,7 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
765 4 1340352 1 13,9 13,9 0,1 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55135 4 1340379 1 15,0 15,0 0,1 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55063 4 1340349 1 17,1 17,1 0,1 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55135 4 1340419 1 17,3 17,3 0,1 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55059 4 1340311 1 21,4 21,4 0,1 1,0 0,1 1,0 0,0 1,0 0,0 1,0
55135 4 1340421 1 22,5 22,5 0,1 1,0 0,1 1,0 0,0 1,0 0,0 1,0
55085 4 1340331 2 23,3 11,6 0,2 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55059 4 1340271 1 25,0 25,0 0,1 1,0 0,1 1,0 0,0 1,0 0,0 1,0
55059 4 1340318 1 28,1 28,1 0,1 1,0 0,1 1,0 0,0 1,0 0,0 1,0
55059 4 1340316 1 28,1 28,1 0,1 1,0 0,1 1,0 0,0 1,0 0,0 1,0
55063 4 1320879 2 29,0 14,5 0,1 1,0 0,1 1,0 0,1 1,0 0,0 1,0
765 4 1340177-200mm 1 31,3 31,3 0,1 1,0 0,0 1,0 0,0 1,0 0,0 1,0
55063 4 1340348 1 34,1 34,1 0,1 1,0 0,0 1,0 0,0 1,0 0,0 1,0
55086 4 1310338 2 37,5 18,8 0,1 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55086 4 1320419A 2 37,5 18,8 0,1 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55059 4 1340272 2 42,9 21,4 0,1 1,0 0,1 1,0 0,0 1,0 0,0 1,0
55135 4 1340420 1 45,0 45,0 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
55059 4 1340317 1 66,7 66,7 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
55063 4 1310194 8 72,7 9,1 0,2 1,0 0,2 1,0 0,1 1,0 0,1 1,0
55059 4 1340321 1 100,0 100,0 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
55086 4 1321050 2 1406,3 703,1 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
boxes	feeding	(h)

















CELL LINE REF Boxes Hours Hours/box exact rounded exact rounded exact rounded exact rounded
770 2 1320783 2 2,7 1,4 1,5 2,0 1,1 2,0 0,7 1,0 0,4 1,0
770 2 1320783 2 2,7 1,4 1,5 2,0 1,1 2,0 0,7 1,0 0,4 1,0
770 2 1321016 2 3,4 1,7 1,2 2,0 0,9 1,0 0,6 1,0 0,3 1,0
770 2 1321016 2 3,4 1,7 1,2 2,0 0,9 1,0 0,6 1,0 0,3 1,0
770 2 1321016 2 3,4 1,7 1,2 2,0 0,9 1,0 0,6 1,0 0,3 1,0
767 2 5053502 1 4,2 4,2 0,5 1,0 0,4 1,0 0,2 1,0 0,1 1,0
767 2 5053502 1 4,2 4,2 0,5 1,0 0,4 1,0 0,2 1,0 0,1 1,0
767 2 5053502 1 4,2 4,2 0,5 1,0 0,4 1,0 0,2 1,0 0,1 1,0
767 2 5053502 1 4,2 4,2 0,5 1,0 0,4 1,0 0,2 1,0 0,1 1,0
767 2 5053502 1 4,2 4,2 0,5 1,0 0,4 1,0 0,2 1,0 0,1 1,0
767 2 5329306 1 7,5 7,5 0,3 1,0 0,2 1,0 0,1 1,0 0,1 1,0
55064 2 1340344 2 7,7 3,8 0,5 1,0 0,4 1,0 0,3 1,0 0,1 1,0
55064 2 1340346 1 8,0 8,0 0,3 1,0 0,2 1,0 0,1 1,0 0,1 1,0
55097 2 5116581 1 8,3 8,3 0,2 1,0 0,2 1,0 0,1 1,0 0,1 1,0
55057 2 1310645 2 9,6 4,8 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55057 2 1310645 2 9,6 4,8 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55057 2 1310645 2 9,6 4,8 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55057 2 1310645 2 9,6 4,8 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
770 2 1321040 2 10,0 5,0 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55057 2 1310644A 2 10,0 5,0 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55064 2 1340347 1 12,5 12,5 0,2 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55064 2 1340347 1 12,5 12,5 0,2 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55064 2 1340340 2 12,5 6,3 0,3 1,0 0,2 1,0 0,2 1,0 0,1 1,0
55097 2 5632060 1 13,3 13,3 0,2 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55097 2 5826020 1 13,3 13,3 0,2 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55097 2 5632052 1 13,3 13,3 0,2 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55097 2 5632060 1 13,3 13,3 0,2 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55097 2 5826020 1 13,3 13,3 0,2 1,0 0,1 1,0 0,1 1,0 0,0 1,0
767 2 1321276 1 14,5 14,5 0,1 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55097 2 5632020 1 16,7 16,7 0,1 1,0 0,1 1,0 0,1 1,0 0,0 1,0
767 2 1340253	-	100	mm 1 27,9 27,9 0,1 1,0 0,1 1,0 0,0 1,0 0,0 1,0
770 2 1310195 8 42,4 5,3 0,0 1,0 0,3 1,0 0,2 1,0 0,1 1,0
55097 2 1340232-18mm 1 58,8 58,8 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
55057 2 1340071	-	100mm 1 60,0 60,0 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
55057 2 1310362 2 66,7 33,3 0,1 1,0 0,0 1,0 0,0 1,0 0,0 1,0
767 2 1310355 2 72,5 36,2 0,1 1,0 0,0 1,0 0,0 1,0 0,0 1,0
770 2 1310612 8 80,0 10,0 0,0 1,0 0,2 1,0 0,1 1,0 0,1 1,0
55057 2 1310390 8 93,3 11,7 0,2 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55057 2 1310048 8 96,0 12,0 0,2 1,0 0,1 1,0 0,1 1,0 0,0 1,0
55097 2 1321297 2 105,9 52,9 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
770 2 1340250 2 130,4 65,2 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
55057 2 1310176 8 173,3 21,7 0,1 1,0 0,1 1,0 0,0 1,0 0,0 1,0
55057 2 1310389 8 266,7 33,3 0,1 1,0 0,0 1,0 0,0 1,0 0,0 1,0
55097 2 1320831 1 294,1 294,1 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
55097 2 1320558 2 294,1 147,1 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
55057 2 1320856 8 1333,3 166,7 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
55097 2 1320637 2 2117,6 1058,8 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
boxes	feeding	(h)





REF CELL LINE Position Boxes Hours Hours/box exact rounded exact rounded exact rounded exact rounded
5280305 55063 4 2 12 2,00 0,17 12,0 12,0 9,0 9,0 6,0 6,0 3,0 3,0
5279905 55063 4 2 12 3,27 0,27 7,3 8,0 5,5 6,0 3,7 4,0 1,8 2,0
5473702 55135 4 1 6 3,60 0,60 3,3 4,0 2,5 3,0 1,7 2,0 0,8 1,0
5358601 55063 4 2 12 3,60 0,30 6,7 7,0 5,0 5,0 3,3 4,0 1,7 2,0
5449401 55063 4 2 12 3,75 0,31 6,4 7,0 4,8 5,0 3,2 4,0 1,6 2,0
5081500 55059 4 1 6 4,00 0,67 3,0 3,0 2,3 3,0 1,5 2,0 0,8 1,0
5418402 55135 4 1 6 4,50 0,75 2,7 3,0 2,0 2,0 1,3 2,0 0,7 1,0
5473902 55135 4 1 6 5,53 0,92 2,2 3,0 1,6 2,0 1,1 2,0 0,5 1,0
5123805 55085 4 2 12 6,00 0,50 4,0 4,0 3,0 3,0 2,0 2,0 1,0 1,0
5123906 55085 4 2 12 6,98 0,58 3,4 4,0 2,6 3,0 1,7 2,0 0,9 1,0
5216202 55059 4 1 6 7,20 1,20 1,7 2,0 1,3 2,0 0,8 1,0 0,4 1,0
5127173 55086 4 1 6 7,32 1,22 1,6 2,0 1,2 2,0 0,8 1,0 0,4 1,0
5212001 55059 4 1 6 7,50 1,25 1,6 2,0 1,2 2,0 0,8 1,0 0,4 1,0
5426503 765 4 1 6 8,33 1,39 1,4 2,0 1,1 2,0 0,7 1,0 0,4 1,0
5384704 765 4 1 6 8,43 1,41 1,4 2,0 1,1 2,0 0,7 1,0 0,4 1,0
5279506 55063 4 2 12 8,57 0,71 2,8 3,0 2,1 3,0 1,4 2,0 0,7 1,0
5451800 55063 4 2 12 10,28 0,86 2,3 3,0 1,8 2,0 1,2 2,0 0,6 1,0
5473801 55135 4 1 6 10,80 1,80 1,1 2,0 0,8 1,0 0,6 1,0 0,3 1,0
5127163 55086 4 1 6 10,98 1,83 1,1 2,0 0,8 1,0 0,5 1,0 0,3 1,0
5426704 55135 4 1 6 12,00 2,00 1,0 1,0 0,8 1,0 0,5 1,0 0,3 1,0
5216401 55059 4 1 6 12,85 2,14 0,9 1,0 0,7 1,0 0,5 1,0 0,2 1,0
5212300 55059 4 1 6 16,00 2,67 0,8 1,0 0,6 1,0 0,4 1,0 0,2 1,0
5426603 765 4 1 6 17,65 2,94 0,7 1,0 0,5 1,0 0,3 1,0 0,2 1,0
5081801 55059 4 1 6 18,00 3,00 0,7 1,0 0,5 1,0 0,3 1,0 0,2 1,0
5216802 55059 4 1 6 22,50 3,75 0,5 1,0 0,4 1,0 0,3 1,0 0,1 1,0
5127152 55086 4 1 6 25,62 4,27 0,5 1,0 0,4 1,0 0,2 1,0 0,1 1,0
5217901 55059 4 1 6 27,00 4,50 0,4 1,0 0,3 1,0 0,2 1,0 0,1 1,0
5217802 55059 4 1 6 50,00 8,33 0,2 1,0 0,2 1,0 0,1 1,0 0,1 1,0
2 1,5 1 0,5
REF CELL LINE Position Boxes Hours Hours/box exact rounded exact rounded exact rounded exact rounded
5050714 756 1 2 6 8,78 1,46 1,4 2,0 1,0 2,0 0,7 1,0 0,3 1,0
4112574 53510 1 1 1 21,10 21,10 0,1 1,0 0,1 1,0 0,0 1,0 0,0 1,0
4112595 53510 1 1 1 70,32 70,32 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
5040880 53510 1 1 1 112,50 112,50 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
P5040830 53510 1 1 1 112,50 112,50 0,0 1,0 0,0 1,0 0,0 1,0 0,0 1,0
5081650 55041 1 1 6 6,55 1,09 1,8 2,0 1,4 2,0 0,9 1,0 0,5 1,0
5081260 55041 1 1 6 10,00 1,67 1,2 2,0 0,9 1,0 0,6 1,0 0,3 1,0
4894263 55041 1 1 6 10,58 1,76 1,1 2,0 0,9 1,0 0,6 1,0 0,3 1,0
5081660 55041 1 1 6 12,00 2,00 1,0 1,0 0,8 1,0 0,5 1,0 0,3 1,0
5081250 55041 1 1 6 16,00 2,67 0,8 1,0 0,6 1,0 0,4 1,0 0,2 1,0
5363720 55041 1 1 6 91,40 15,23 0,1 1,0 0,1 1,0 0,1 1,0 0,0 1,0
5280650 55054 1 1 6 2,85 0,48 4,2 5,0 3,2 4,0 2,1 3,0 1,1 2,0
5494420 55054 1 1 6 3,57 0,59 3,4 4,0 2,5 3,0 1,7 2,0 0,8 1,0
5280650 55054 1 1 6 3,75 0,63 3,2 4,0 2,4 3,0 1,6 2,0 0,8 1,0
5280661 55054 1 1 6 4,68 0,78 2,6 3,0 1,9 2,0 1,3 2,0 0,6 1,0
5280661 55054 1 1 6 5,55 0,93 2,2 3,0 1,6 2,0 1,1 2,0 0,5 1,0
5294651 55054 1 1 6 5,55 0,93 2,2 3,0 1,6 2,0 1,1 2,0 0,5 1,0
5778823 55054 1 1 6 12,80 2,13 0,9 1,0 0,7 1,0 0,5 1,0 0,2 1,0
5778832 55054 1 1 6 17,27 2,88 0,7 1,0 0,5 1,0 0,3 1,0 0,2 1,0
5625120 55069 1 2 6 6,00 1,00 2,0 2,0 1,5 2,0 1,0 1,0 0,5 1,0
5280450 55069 1 2 6 7,50 1,25 1,6 2,0 1,2 2,0 0,8 1,0 0,4 1,0
5280450 55069 1 2 6 7,50 1,25 1,6 2,0 1,2 2,0 0,8 1,0 0,4 1,0
5280450 55069 1 2 6 7,50 1,25 1,6 2,0 1,2 2,0 0,8 1,0 0,4 1,0
5625130 55069 1 2 6 9,00 1,50 1,3 2,0 1,0 1,0 0,7 1,0 0,3 1,0
5280460 55069 1 2 6 9,38 1,56 1,3 2,0 1,0 1,0 0,6 1,0 0,3 1,0
5280550 55069 1 2 6 9,38 1,56 1,3 2,0 1,0 1,0 0,6 1,0 0,3 1,0
5280460 55069 1 2 6 9,38 1,56 1,3 2,0 1,0 1,0 0,6 1,0 0,3 1,0
5625130 55069 1 2 6 9,38 1,56 1,3 2,0 1,0 1,0 0,6 1,0 0,3 1,0
5861120 55069 1 2 6 17,17 2,86 0,7 1,0 0,5 1,0 0,3 1,0 0,2 1,0
5786202 55099 1 2 6 2,25 0,38 5,3 6,0 4,0 4,0 2,7 3,0 1,3 2,0
5294520 55099 1 1 6 3,33 0,56 3,6 4,0 2,7 3,0 1,8 2,0 0,9 1,0
5294530 55099 1 1 6 3,33 0,56 3,6 4,0 2,7 3,0 1,8 2,0 0,9 1,0
5294230 55099 1 1 6 3,43 0,57 3,5 4,0 2,6 3,0 1,7 2,0 0,9 1,0
5294220 55099 1 1 6 7,28 1,21 1,6 2,0 1,2 2,0 0,8 1,0 0,4 1,0
5786120 55099 1 1 6 10,32 1,72 1,2 2,0 0,9 1,0 0,6 1,0 0,3 1,0
5579006 55099 1 2 6 16,88 2,81 0,7 1,0 0,5 1,0 0,4 1,0 0,2 1,0
5786130 55099 1 1 6 18,75 3,13 0,6 1,0 0,5 1,0 0,3 1,0 0,2 1,0
5786140 55099 1 1 6 18,75 3,13 0,6 1,0 0,5 1,0 0,3 1,0 0,2 1,0






































































































































































































































































































































































































































































































































































































































































































































































































































































1340147 - 145 m
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